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(541 Compoolt* substrate for fuol Mils and prooaBs for producing the SBmo 

(571 DtooSoBod horeln Is a compoafta eubstrata for fual ce1l8« eom^ina <1) a separator, 42) two poroua and 
carbonaoaoud eteotroda aubvtretBB Yvtilch ara jotned to the oapmtor, reapecttveYy provfdad wtth a pimllty 
of grooves forming lha flow ehannala of tha raaetant gas on one vida thoraof or>d ona flat aurfaca on the 
othar sida theraof and (3) paripharal aaalorv which fiavB bean Jolr)ad to tha a»|>anitor via a layer of a 
fluonocerbon resin, the abova-fnendoned electrode subatratea having baafi jolnad to tha oppoav^ Burf«ceB 
of lha abova-rnantionad aaparBTor ao that tha flow ehannala of the raaetant oa8 In ono of tha alaotroda 
subatratea ara perpendicular to thoae in the another electroda aubstrata, a ratio of the aurp of the crosa- 
aeotlonal areas of tha flow channels of tha raaetant gaa formed by (ha aaparator and tha grooves of the 
porous end caibonaoeoua electrode BUbatrate on the fUel eiactroda tide to the aum of tha crDss-sactlonal 
ireaa of the flow channela of the reactant oas formed by the eaparater and tha grooves of the porous and 
carbonaceous electrode substrate on tha air electrode side being from 1:3 to 2:3« and a process for 
producing the ebove^eittionad oempesite aubatreta for fuel calls. 
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2 GB21B3838A 2 

tho fuQ} otectrodft ekfe and {2^ th» toak^ of th« 90s to the old9 of ihe ttbotrodo can bo 
pFBvented by fohlng p9r1pt)»ra1 soalerp to tha Bopnrator via q layor of a fhjoroctebon meJn, and 
on tha basis of th^ findhisa, the praaant ^nvantons havo aitatr>ad iho present lnventk>n. 
Namaiyi tha first objsct of tha preaant invantkin Is prcvida a eompoahs tubttrot* for fusi 
& caBs^ which oompHsoa a aaparator, two porous atvJ oarbomioaoua alsctroda aubatrataa and 6 
partpharal sasSsri and has a ratio of lha croso^sotlonat ama of the flow chmal of the raa&tant 
gaa on lha fbal sJactroda skia to that on the Sir alactmda stda* wNoh ratto te in POnfbmihv to 
tha ODnditlorai of tha actualty peed fueL 
Furthamr)ora» ,tha seoond object of the pTBssnt Invarrtton la to provide a oomosfta sufoairsta 
10 for fuel DeRa wharain tha edge of the porous and carbonaoeoua Blerax>da substivto has bean 10 
aealad by }otning par^erai aeatott to extendsd periphoilaa of the aeparator Vis a layar of a 
fhjorocaTbon rasln. thereby not rteceeaitstlns ihs perfpharal eaating treatmam ibr pravanting Hie 
ieekaga of tha raacunr gaa to the aide of the oalL 



The third objact of «b praaent Invention la to provkia a compoelte eubatreta Ibr fuel oall of 
15 phoaphoiio adid tYpa, whleh lb exaaBant In reatetanba to phoaphorfa add. 



16 



SUMMARY OF THE iNVENTIOt^t 

in e first sapoot of tha present Invention, thera fe provlded'a aompoehe aubetrata for fuel 
ooRa. Qonnprtsbg 

20 (1) a aaparator, 20 
{2} t)ra porous end carbonaosDUS eleetrods aubatrstas which have bean raspevtVary provided 
whh a pluraBty of groovee formtnQ fibvtr channels of tha reactsnt gaa on ons aids ^araof and 
one flat eurfiaca on the other aide thereof and havo been Joined to opposing turfsoea of the 
aeparator ao that the flow ehennela of tha raactanrt gaa In one of tha elaotroda fiubetntea era 

26 perpencfleulBr to ttioaa is tha anothi^r electrode substrata and thff saparatar extonda beyond bodi 2B 
edsae Of the eiaecrode sUbetfBte.that ere peialiel to the How channata of the raaetant gaa bi the 
elacanode aubetmta and 

(3) peripheral aestea Joined to the extended periphertaa of tha aeparator, whith extend beyond 
the both edgae of tha dec^rode subetrate, via a layer of a fluorecwfoon resla 

80 a ratio of the sum of the croaa^aectlonal ansa of the flow channeta of tha raaetant ge» formed 30 
by the.aepar^or and tha groovaa of tha porous end eaibonaceoue elaciroda substrata on tha 
ftjel elactrodo aide to the aum of the croeMactional area of the flow oharYiab of tha raa«tant 
gaa forniad by the saparetpr end the groovaa of the poroua and cerbonsosova slestroda 
eubatiata on tha eir alestrode aide being from 1:3 to 2:3. 
• 35 fat e eeeond aapact of the preeent Invention^ there ia provldad a proasas for producing a 35 
oompoalce eubatreta for fuel bells, which proaasa comprisea the steps of 

(1) adhadna * flexible oarbon sheet to one aurfaea of each of porous and carbonaoeous 
electrode aubatmtsa of a flat piete form without grooves end of preBcrt>ed dimanslon while 
using an adhealya. 

40 (2) aubjeeting aech of tha adhering eurfecea of aard electrode aubatrstas to ctrt-processing to 40 
fonm groovea fomnlng flow channels of the raaetant gaa tharaon so that a ratio of iha aum of 
the GToas-eectionel eiea* of tha fibw channala of the reactant gaa on the fuel elactrodo side to 
the Rim off the eroae-eectlonal erea of the flow channels of tfie reaotant gos on tha air olactroda 
side la from 1:3 to 2i3« 

45 (3) Bdhei^g the aurfacaa of tha flexibia carbon sheet remaining on tha thus cut-procasaad 45 
Burfaeas of tha elaetrode eubatretaa to opposing aurfacaa of tha aeparator so that tha groovea 
In one of the elaotnxle substrate are parpandlcuiar to thoee h the another electrode si^streta, 

(4) celotnlng the thue adherad matartsis at a temperature of not lower than about 800'C In an 
inert Btrno80here a^id/or under a reduced pressure* and 

60 16} joining perlpheral seatere comprtslng a gaslnnpenneabre compact carbon material to ex- 50 
tended perfphariaa of the aeparator, which extend beyond tha both edgaa of tha electrode 
substrate thpt are pareltel to the flow channaia of the raaetant gas therein, vfci a sheet of e 
fluerooarbon rsain. 

tn a third aspect of the pressnt invemlan, there la provided a process for producing e 
56 o6mpoBite aubstreta for fuel o^a, VNfNch b>ocass oomprfaos the steps of 56 
(1> applying a dispersion ofe tetrafluoroethylene rasin on opposing surfeoeatjf a aeparator. 
(?) jokiinp by majt«edhaaion each of grooved surfaoes of two poroua and carbonaceous 
alaotroda substrates to the preecrfbed position of the opposing suHsoee of the aeparator appnad 
with tha dteperslon so that the groovaa In one of the eteotrode siibstratea em perpendicular to 
6D tnoae In the another atoctroda substrata, the aJectroda subatratas being raspecUvely provided 60 
wWi a plur^ of the groovaa forming flow channels of the reectam gaa on one side thereof 
end one fiat surfece on the other sfda thereof; the al^e of the grooves being auch that a ratio of 
the aum of the crosa-aactlonel aree of the flow channefa of the reactBnt gas on the ftiel 
AB Sl'**^^ *wn^ croae-aeotional area of the flow channala of the reaotant gas on 

eS the eir eleetreda aide is from 1:3 to 2:3, and 



65 
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(3) Joining perlpharal seators cpmpriatng a ^rmpsTmwbte oompoct OTtwsn inawlil to «x- 
tsndod perlplwira of tha ■•parator vi^hkih sxtand beyond the both ectgM of tha elsctrodft 
•ubfltnt* that are pamSlel to tha flow channals of tha tha rmctont gaa that^^ via a Aheat of a- 
lluorocaibon resin. 

6 B 
BRIEF £)mJ^NATrON OF THE DHAWINQSt _ 

Of thft attachad dmwinga, n0a, 1 to 3 ara tha obAqua vlaws of tha eompostte ttubatra^ 
acDordlno to iha praaam invonHon. 

10 DETAILED DESCFOPTION OF THE iNVEtmON: '^O 
Tha praaant Invention retataa to a bipolar-type oomposlt* aubatrate for Itial eels, whl*^ 
substrata oomprlaes s separator^ two Porous and carbonaoeoua aSsctroda aubstratas farming a 
fUBl (hydregenjf eleoftrode and an air otaettoda whDs ^narpoatng tha aaparator thambatweon and 
peiipharal sealers, and a prooess for producing the oompoafta substma for flial oena. 

18 As has bean daoortt»9d« the stokiMomatiloal ratio by volume of ftjal (hydrooan) to oxygen In a 16 
IDel call of phoaphorlo acOd typa Is 2:1. In the actual operation of a fual eaU, sfnoa oscygen la 
supplied by air, the content of oxygen In tha thua aupplled gas to about 20 and the 9sa for 
supplying hydrogen ta« aa has been daaerlbed above, a rsfonnad LNa, IPG, ate* containing CQk» 
watar vapour^ etc.. and has d>a contBnt of hydrogen of from about 66 to about 80 % by 

20 voluma. ' 
On the oihar hand, oonoaming the rate of utffization repreaantad by the ratio of tha amcHmt of 
the conaimad raactant gas to thet of tha supplied rsectant gas, since tha terminal vohaga of the 
call begins to go down In the case whsre ttia above-mentioned rate of utlBzatlon axeaeda a 
deflnrta value, the rate of utilzatlon la llmltaA In praatlca. It la nacaaaary that the rata of 

25 utnzatlon of hydrogen la not mort than 7B % end that the rata of utnteadon of oMygan to rwt ' as 
mora than BO 96. ^ 

In the caee of oarrylne out tha oalculatJon provided that the two reactant gaaaa aia used undar. 
tha aama prmsura, tha redo of tha «jm of tha croaa-aoctiona! area of the ftowohannela of the 
raaetant gaa on the itial alactroda sida to the sum of tha croaa^ctlonal area of tha flow 

30 channels of the laactant gas on tha dr electrode sIda becomes to about from 0.326 : 1 to 0*41 30 
: 1, and In conatderatlon that tha aontant of hydrogen nnay ba a thtle smallar acoordbig 
conditions of Iho hydrogen-supplying gaa« tha above^merrtlonad ratio of tha aum of from about 
to about Z:3 can agrae wtth tha actual condWona of aupplylng gasaa. ^ ^ ^ 

FunhOTr In tho case of Joining tho afactrode aubetmta to the aaparator by edheHnfi both the 

36 materiala to each other whh a oartonl«able aAealve and oalolnlng tha thua edhanad matartala 36 
Into one body or adhering both tho matenala to. aaoh other with 9 dlaparalon of a tatraftuoroa- 
Ihylana realn, aufflctani electrical charsotertstlca and reslatanoa to phosphono ecid ean be c*- 
labvad In tha product, and In the esse where the peripheral fteatere of the cornpaot cariMfi . 
material la Joined to the aaparator via a aheet of a fluorooarfoon rastn* a auffident pravanHon of 

40 sB8-4BBkage, b realatmoa to phoaphorto acid and tha overfall macAianlcal atiength can be ob- 40 
ulned In tha product. 

The preaent Invention offers a eompoafta aubatrata f&r lUal cbIIb, comprlalalng (1) a aaparaterp 
(Z) two porous and earbonaceoua dactrode aubatratoa which have been reapeethrely provided 
with a pkiralhy of grooves fofmino flow channels of tha raeotant gee on ono nda thoiaof and 

46 one flat aurfaoa on tha other dda thereof and have been j^ned to oppoaing eurfeeae of lha 46 
oaparator so that the flow ehannala of tha reactant oaa tn ona of tha electrode aubstrstas srs 
perpendicular to those In tha anodwr aleotrode substrata and tha aspsrator oxtenda beyond both 
adgea of the elactrode aubatrata that are parallel to tha flow ohanneta of tha raeotant gas In the 
alacstroda aubsbrtrte and (3) peiipheia! aeelera io^od to tha extended peripheriea «rf tha aaparator, 

60 which axtend beyond tha both edgaa of tha elactrode aubatrate, vie a layar of a ffaorocarbon SO 
redn* a ratio of tho aum of die crosa-aeBdonal area of the. flow channels of the raactam gaa 
fbimed by the aeparetor and the grooves of the poroua and eerbonacaous aleotrode substrata 
on tho f^al eleoirode elde to the sum of the croae^eotlonal area of ^e flow ohennela of the 
niactant gae formed by the aaparator and the groovae of tha porous and earbonaceoua electrode 

55 aubatrata on tha air eteotroda a!da bstng from 1;3 to 2i3. Furthermore, tha crosa^eactlonal area 65 
of tha flow ehannala of tha reactant gaa mentlonad Ih tha present Invention Indicate^ the 
aactibnal area of tha flow channel of the reactant gaa. wHeh section Is orthogonal to tha flow 
dliaction of tha raaetant gaa. , , ^ 

In tha oomposha aubatrata for fiial eeBs aeoording to tha present Invention, the porous and 

60 sartKinacaoua aleotrode eubatrataa and the separator may be Joined together by cetdning Into 00 
ono body after being adhered to aaoh other by a eerbonlzabia adhesive, or may be Jofned 
together by using a eSspersfon of a tetrafluoroathylans resbi. In the case of carrying out tha 
Jolnbig by catclr>fftlon Into one body, h la desirable to Intarpoae a flexible carl»on sheet betwaan 
the mstarlala^ as the buffer aheei sbsorbing the thermat expansion and ahdnleaga of tho mateHals 

6$ at the time of oalelnation. 
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thteknosB cvf the e»setrocla aubstratB ItMlf thinner and rmprovbig ths pmrfonnanaB and mochsfilc&l 
stiBngth of thft ogU toetf. It Is dw^blo that the flow channeb of the reBotent gee are gonsralV 
fbrrridd In m retaangular form, and tha creea ep cti onal area* of the flow ohamola of the reaetant. 
gas on tha both elaotroda atdaa era dfffarent by p^Dvldktg tha flow, ehannala of ths maetant gss 
6 with tha aama width on tha ftjal aleetrod# aide and on lha air alecarada aide and provkJmg tha 5 
flow ehannala of tha raadant gam with tha dfffarant hetght batwean tha fuel ajactroda aide and 
tha air alactroda aTda 0.a.» tha depth dt tha groovea of tha alactroda eiibstrats is dlmrant 
brtwean tha Iviat sleotroda aide and tha air aloetreda aide). 
The ahapa of tha eroaa-aeetian of the flow ehannala of tha raaetant gaa» wMoh fa ahown h 

10 Rga. 1 and 2i la raotangiiar and tha flow ohanrala of tha raaciant gaa extend ki paranal whh lo 
tha aa«led edge and l!nev)y from one of the o(fon anda to tha ottior theraof, howavafr In lAm 
caaa where the flow channel or the mctant gee can sutManrtfy aupphf the raaotBfit 9«» wWch . 
dffnieea Into tha poroua and earbonaoeoue elootroda aiteratoe, the eroee-e*otlon of itm flow 
ohsnrala of the reeotent gaa may take any optlonel ehape. For lnatanoe# In tha caaa where M 

16 oTDee-eeotlon of tha ribe whfeh fdnn the groovee of the flUeotrode aubatrata takea a ahtpe of a. 1.6 
trapezoid or a non-finear ahape. It la poaalbla to idm at tha diaperalon of the atresa ^^^J^ . 
elactrodo eubatratee and auch a aHuatlon la partlculBify.fBverBbIa at the time of produca^g the 
compoalta atAatrate. Ftirtharmoia, It la. alao poaetbia to comieot tha flow ehannala of the 
rewtant sea togsthar within tha eteotrodfli aubaitate, end iha protuberant parte having top 

20 aurfeoea wMoh beoome Joining aurfaoea to the eepanstor and hava tha optional shape such as 2Q 
otrale^ all4»ae# rectangle, ete.« may ba diaposad on tha Joining surface akla of tha electrode 
BiOetrata to be Jblnad to tha aaperator In earlaer amanglad poaltlona or in eny optional robi- 
ttone* Of eoMfaa, any aornblnBtton of the above-mentioned ahepea and dfoposftlone may be 



2S The alectroda eubttreto of the preeemt Invention la porous eruJ carbonaceoua, and tt ia 25 
fworable that the aleotrode aubetFBte haa the pT^perdea of a mean bulk danalty olfyom tp 
0.9 g/mU a gaa-permeabnity of not iaaa than 200 ml/em^-hourmmAq and an alacrto rojpwwity 
of not more then 200 mO-cm after being calcined at e temperatura of not lower than BOO'O in 
en Inert atmoephero and/or under s rediiead preesure. ^ ^ 

30 K la favorable that the aaperator uaad according to the praeant invondon haa the propantas of , 30 
a mean buHc density of not leaa than 1.4 g/mU • gae-parmsablBty of not mor* than 10-« 
ml/om*-hour^mmAq, en elooulo resladvliy of not more than 10 mO-cm and a thickneaa of not 
mora than 2 mm* 

ft ie fevoreble that the i>ei1pherfll aealera used according to the preeem Invenbon haa tha 
3E pr^erdas of a mean bulk density of not Isae than 1«4 g/ml and a gaepermaablBty of net more 3B 
than 10"* ml/en^hour*mmAq. 

Ae haa been deaorlbed ebova, in the compoalta aubstrate for fuel calls according to tha 
preeem Invention, although the both adgae of the electrode substrata thai ere parallel to tm, 
flow ohannele of the raaetant gaa therein, era aealed by joining tha peripheral eealara compdslng 
40 the compact CBrt>on materfal tc the separator via the sheet of e fluorocarbon resin, tha aitiount 40 
of gas leakage to outside through tha peripheral aaalerB Including the Joining part te mainly 
aubjaotad te dmualon and la not affected eo much by th« praosura, however^ In the prAs^nt 
Invention, It te favorable that the amount of gas laakage b not more than lO-» mI/cm*hoiirvm» 
mAq In the case where the amoiait of gas leakego per unit tkna and per the unit length of the 
46 peripheral side of the Joining part under a dffforantial pressure of SCO mmAq la repraaanited by 4B 
[the amount of gaa laekage/tength of tho aida.dlfferendal praaeure]. 

Tha ffuoTDcarbon resin used for joining the peripheral aeatara to the extended perlpheiaa of 
the eeperator according to the praeant Invention la ganeialty a fluorocarbon resin of a molmg 
point of not lower than 200"C, and although auch a resin la not perdeLHarty nmhad, for Uistanoe. 
BO tstrafktoroatlvylene reain (rafen^d to PTFE of the malting point of 327*C end the thermw deform- BO 
ing temperature of 121 'C under 4.6 kgr/om»<3), copolymar resin of tetrafkiorDethylene and 
hexafluoropropylanv (referrad to FEP of a maWng point of from 2fiO to 2B0'C and l^a . 
deformlnfl tampareturo of 72'C under 4.B kgf*/cm*G), fluorinated alkoxyathylone resin Ireferred 
to PFA of a mahinq point of from 300 to 310»C end the thermal dsformlng temperature of 75X 
£8 under 4.8 kflf*/om=^) and fluorinated copolymer reshi of ethylene and propylene (refarTBd to es 55 
TFP of a meMng point of from 290 to SOO^CJ may be exemplified. The ebove-mentlonad 
fkiorooarbon reslna have been commerolainzed. Of the above-mentioned fluorocerbon reslha^ 
tetrafluoroethylana reaIn Is preferablo and la commeretaUzed under the reglatared treda name of 
TEFLON®. 

60 In the preeem hventton, tt la dealrable to use the above-mentioned fluorooerbon resin aB< for 60 
Inatanoe, a ahoat of a thioknass of ebou^ 80 mtcromstorB. ^ < . 

As tha ^ectrode aubetradd of the oomposHa eubatrate of the proaant Invention, the folowing 
materials ara usad: . > . 

(1> Tho material made by molding e mbcture of short carbon fibere, a binder and an organte 
66 granular eubatance by heating under a praaeure (for Instance, refer to U.S. Patent f4o. 65 
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Panicijlaily fttvorabte la ths TratBrial m»d« by molding a mixtyro oonsletins ^ from 20 to SO % 
by welQht of fthoa carbon fters of a diwnfttor of 5 to 3D /m. q langth of O.OB to 2 mm and 
tinm cvbor^ztno ohiink^se an calcinlna theroof art 2000*C of 0.1 to 3.0 %, from 20 to BO % 
^ by wdight of B corbonBoaoua binder of o oarbohMng yMd of 30 to 75 9( by W9)ght etich ftft 5 
phenol mm\n, apoxy rotln and petroleum and/or cdbI phoh and from 20 to BO 9& by of an 

organic granular aubstanoaa (a mlaro poro-rogulator and a moldInQ sQanit) having a oarbonUng 
/iaid of at moat 30 K by weight diamatar of 30 to 300 /im and do not avapomta at 100*C 
auch aa polyvinyl aloohot polvatfiyTanfr, polypropylana. polyvinyl ohiorlde, CDpotymer raaln of 
10 sttvylena and vlnylec^otBta and augar or a mbctura tharaof under oondltiona of a molding tempera* 10 
tura of from 1O0 to 1fi0*C« a molding proaaura of from 2 to 100 kgr/cmKa and a pwaura- 
retsntion time of tirom 1 to 60 mln^ and 

(2) Tha matfifial made by calclntng iha above-mantlonad material of the abova ^^) at a 
tsmparatta^ of not lower thwi B0O*C in an Irwrt atmosphere and/or under a reducod preaaure. 
15 Howevor, in the ea^e where the aaparator and the aiectrode aubatrate are Joined together by a IB 
diflperalon of a totivfluDroathylene redo, tfia matarW wHeh haa been caldnad, ).a.» the meterU 
of the above C2) fa usedL 

Aa tha aeparator uaed according to tha present Invention, a compact o&rbon plate ahowing a 
calcining ahrlnkaga of not farger than 0.2 % whan It la cdldned at 2000*C In on Inert atmoa- 
20 phere end/or under a reduoed preoaure la fevorabla. 20 
In the foliov^/ihg, tha mstarlate ueed for producing the eompoafte aubatrate of tha praeent 
invention pr^par^d fay adhering a separator and atectroda aubatrstaa together via a flexible 
carbon aheet fritarpoaed between tha Jolnlna Burfecaa of tha tetrode aubatrate end the aapera- 
tor whHe ualng an adheahfe and calcining the thua adhered matarialB lito ona body^ and tha 
IB prooeaa for producing the composita aubatrate of the preeent Invention are daecHbed. 2& 
Aa the flexibia cartx>n aheet need according to tha prsBant Inventfon, a flexible graphfta ahaat • 
made tsy compreasing expanded granulas of graphite obtalnad by aubjacdng granules of graphlia 
of a particle dlamatar of not mora than. 5 mm to edd^trBeiment and further Iteating the thua 
edd-^treatad granules b mantfoned. It la favorebla that the Ihua produced flexible graphita aheet 
30 ia hot mora than 1 rrm In thlckneee and ahowa tha propertlaa of a buOc density of from 1.0 to 30 
1,& g/mU a comprasalon atraln rata O.a,* tha rate of amm under a compreaalon load of 1 
kgf*/cm<) of not mora than 0.35 x 10-> cm'kgT and a flexibility of not being broken In the 
case where it Is bent to the radius of curvaixira of 20 mm« Of tha commerclaUized flexible 
graphita aheate, GKAFOIL^ {made by U.C.C.} le o auttabta example. 
35 Furthermore, ae the flexibto carbon aheet alao uaed according to '^e present Invandorw the 35 
fplowfng materiel may be uaed: 

A oompoaite matadal praparod by mbeing cartmn flbera of a. diameter of 4 to 26 ^ and a 
mean Tength of not'leea than 1 mm which httve been obtained by thermally treatina poiyaorylonl- 
trflo, reyon, phenol realn^ iaolropic phoh or anlaotropie pitch at a rnnperetura of not lasa than 
40 100O<^ and a binder of a carbonizing yield of not leea than 10 % by w^ht such aa one .40 
material selected firom tiia group consisting of phenol realna, epoxy raalna« lliran raslDa, picchsa 
of petroleum or coal aeriaa, polyvinyl alcohols, polyvinyl chlorides, polyacrylonltrilas. layona and 
polymers cyf anoxane* or a oompoaita materloT prepared by pourthQ tha bindar Into a matrix of 
eart>on fibers la molded by heating under a preaaure and the thua molded oompoaita mafeartal la 
46 calcined at a temperature of not lovtfiar than 560*C In an hart atmoepliare and/or under a 45 
reduced presaura to obtain the flaxlbla carbon ^diaat. In tha thua produoad flaxlblo oactNxn aheet, 
the carbon lumps dedved from the binder are diaparsed hi the matrU of carbon fibara and 
raatralA a pluraRty of carbon fibera, and the carbon libera ara slfdably held to ona another by tha 
carbon himpa. Such a flexible carbon shaat haa tha pn^rtlea of a thlckneaa of not more than 1 
60 mm, a bulk density of from 0^ to 1 ^ g/m1 and a comprasalon atraln rate of not more than 2.0 50 
X 10'* cm^/kgf;* The abov^^ntlonad flexlila carbon aheet has a flaidblRty of not b^ 
broKem in mar caw where It la bem to tha radfus of aun^atura tif 10 mm. 

Aa the adhaohre uaed In each of the adhering aurfaoaa ih the 'oeae cf foinlng the eleotrede 
substratee and the eeparator via the flaxlbla carbon ahaat, any adhash^a generally used In 
B'B adheolon of the carbon materWe may be used, however, partiou1arfy« a thermosetting raein SB 
setected fram the group consisting of phenol rwlns, epoxy malna and fUran realna Is preteralMe. 

Ahhough the thickness cf the layer of tha abovememlonBd adhashw ia not partlculariy limited, 
it la generalty ftfvorabfe to apply the adhesive unHbmily in tha thickness of not mors than 0.6 
mm. 

eo Rirthermora, the adhesion by the sbove^antloned adhsalva may bo canfed out at a tsmpera- 60 
tura of from 1O0 to 1B0*C, under a presB-presaure of from 1 to 50 kgrycm^G for a praaa^tlma 
period In a range of tVom 1 to 120 min. 

The composite materfal prepared by adhering tha flaxlbla carbon sheet to tfie two alacroda 
siAiatratoa while using the above-mentioned adheaVe and iha above-fnerrtlonad ooncfltkma of 

65 adhering la prooemed as foUowa* 
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ehvnnals of Urn naetant ga* »o that th> '^^^o* f*,^ ?L^5^ »«• el 

chaniMl* of th» rMrtam g»» on the fuel "l^fSflSSiS^lwaTftwi 1:3^8^^ *ov^ B 
B thB flow ctaniwls of the raaotnrt S«» on ij^^ecire^^ ^ ^ 

pnmaMing to Banted out bv • ™f'*«'Si2rl"m.intf.fl on the thus ciit-oreeaBB«l el»ctiod» 
Th. auSaoet erf tha t»«fo flaxibia oaibon itfwrta ^'^•^^^^S^^^^^ Kfharing the 

Bubsiret»a ara adharad to tha oppoalng aurfaeaB tha ^f^^^H^^J^J^JTrt^taM^ 10 

n»nnar w the calolnetton ^Blt« tha «u«™c*salng ,B 

^ =i!:?^*^rVn-tH^°i^?^.^ - 

2B pmaam mvamten. for Instanca. J^^^t^T^^L^iS tSSd Xr proVkBna tha 

nibpn aheat la Jo1n«l to tha uppar •Jf'^^'J^" hlTmcwtpfaSeal tS carrv «it 

s;rs%«c2:.;jMiJ^ fi^-S£j'aj;^^u''J^'u.t,«a wwch 

not v*t boon sublwstacl to cut^rocesslng. -*^iki» Mrt^m ahMta 7 and T may 30 

rastn ia uaad. It to possbla to add a sraaU amount oT a surfactant to tho aDwa-manrwnmi 

48 tttfftcaa or tha aeparator at tha thlctoaaa of ftom *>-*'2^*^°irJ^'jSfrtn^ to form • 

S^alactroda aubatmtaa. on Which tha B™2TJl2!3Jrf*i^ «♦ 
tha flow Dhannala of tha mactam gas ao ««t *a J" ""^^i"^^^ croaa- 

Sa flow diannate of tha laactant BB» « tha ^if^!^*^^J^JS^ SsX Somlta to 
.actional araa of tha flow channala of *a raa^ fl-" *• Sa ■«! they aia jomad BO 

^ g?;^.WnTs1S^rS^"or'!St°iS^^ SSr a pra~«r. of n« to«. 

ths alactroconduBthrtty batwaen tho pofouawd. J'S^ apoTat tha time of the B5 

tha sama tlma, tha contact of lha two manrirfs »_*^^"2ab?B owipaei carbon nataclal la 60 
60 Tharoaftar. tha parlpharaJ aaalara eom(wM)S »0»rJ2££TS52v^ dS Swat of the 

Jolnad bv inalt«lbaaton ef a 8»»«t of a fl^aiton ra^^ Sa^bayond tha both 
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pQAod betwean each of the peripheral ftddbf* and eedi of tha oxtandad pailphertoa. . 

Tha afor»KTiarnlonod Joining off thd poroua and csaibonaoaoua rtactroda subatratas and the 
oaparator and tha Joining of tha aapanrtDr ami tha paripharal aaalara via tha abova-maivtonad 
ah&at of a fkioroeaybon raaln can ba oarriod out at tha aama lima by aalacting tha Joining 
B condhiana airft^y^ and auch an oparatkm la partloularly advantagaouar baoauaa tha numbar of B 
the Btapa can ba raduoad by auoh an oparatbn, 

Tha molding of tha pordua and carbonacaoua ataotroda subatra^ havtng tha ^roovaa fonning 
the flow dwinata of tha reaotant gaa can ba carried out by any optk>nal melhod* Fot Inatanca, 
aftar fining iha rnfactura of raw matailala Into a metal mold of a desired ahapa, tha thua fjilad 
ID mlxniTB la prasa-moldad/ or after molding tha mbccura of raw matarlats Into a -flat plata form 10 
(Bftar furthar calclnbng tha molded mixture), tha groovoa era formed by cut-proceartng. However* 
from the view, point the produatrvlty and the un!f ormfty of the producta. It la daalrable to 
extnida the mbctura of raw materia after kneading thereof and then to presB'tTiold the thua 
•xtnidad riMure by rolQng or stamping* * ■ 4b 

15 Fuftharmora, the ccmipoaHa aubatrata aooording to tha preaent Inversion may have, a^ la IB 
ahown In Rg. 3i the gaa-diatrlbutora 0 and £K which are niada of the aame compact carbon 
matarlal aa In the peripheral aealara and are dlapoaed so aa to ba vdjacant to tha both adgaa of 
tha ^aotrode aubatrata that are perpencBoular to the How channala of tha reectant gaa therein. 
Tha abovMnenHonad gaa-dlatributora $ end have tha groovea vwhich form tha flow pas- 
20 aagsa for dtotributlng 'the reautant gaa togethar whh the aaparator, and through the above- 20 
mentkmad flow paaaagea 9 and for dtatributlng the raactant gaa^ tha raactant gaa la aupplled 
from ouieWe to the flow ohannaia and 5 of tha raactant gaa (not ahown In Fig. 3), however. It 
la not nacafiaary that tha croaa-aectlon^ ahapa of the flow paaaagea B and ST oolncldea whh the 
crosaaeotlonal ahepa of tha -now channala ? and 6 of the raactant -gaa, and furth a miora^ It la 
25 atao not naceaaary. that all of the open anda of tha flow chanr^ela S and 6 of tha maotaru gaa 2B 
era bparwd ta the flow paiiaag^ S and 7 for diatrlbuting the reaetant gaa, and th0*croas^ 
sectional ahape of the flow paaaagea and fOr,dlatr1butSng tha raactant gaa may ba auch that 
tha nacaaswv amount of the flux of tha faactant ^ Is aeourad when the apparatwa la uaed ae 
the compoalta aubatrata for fUal calla* -i* 
30 Concamfrig the croaa-aoctlonal area. of tha flow paaaagea B and ^ for distributing tha rsaetsnt 3D 
'gaa, it la not neceaasy to provide the other concfidona than the abovementlorted, and aooord- 
Ingly, It la only required that the ratb of tlw aum.of the eroaa-eeotlond area of the flow 
channala of the raactant gaa on the fuel- ebctroda aide to tha sum of the ortaa&^aectlQnal area of 
the flow channala of tha raactant gaa on the etr electrode aide la fi'om 1:3 to 2;3. 
36 Furthar, in ti« oompoafta eubatraia ahown In Rg, 3. alnee tha paripharal aaaler and tha gaa- 3B 
dletrlbutDr both of which hava been formed of the aarne material are opposite each- other across 
the eaparatof and the thermal expanaion cooffldant of the upper layer coincides whh that of ths 
lower layer, the tharrnal atreaa betwaan the separator and the peripheral sealer arul ths thermal 
straaa between tha separator and tha gaa-dfatrftuter baoomea tha aama, and tha warp and tha 
40 diatortlon at the tlma of calclnatton can be reduced. Such a altuatfon la particularly favorable In 40 
tha caaa whars tha separator and the elactroda aubatrates are qalplned Into one body^ and alrtoe 
In tha paripharal region of the thin plata-tfka compoalta aubatmta, the perfpheral aealar and. the ^ 
gaa-cfistrfbutor trave been dlapoaed and Joined In face to f^ce on the both aurfacea of the 
aaparator v^hBa hoSdtng tha separator, auch a atructurs haa a reinforolng effect, end aa a roaultr 
46 the composite aubatnte according to the present invention la extremely excetlent In the handllr^ 4S 
at the time of prtxAjdng tfia fuel cel. • ^ ^ 

The con^Toahe aubatrata of the preaent Invention, which la obtained ae above^ haa tha sum of 
tha Groae^cdonal araa of the flow channala of the reectant gaa on the both etoctrods sidaa* 
which Bum haa been oonforrnad with tha condtlmw^of the actually auppTlad raaotant gaa* 
50 Accordingly^ aa comparad- to the alactroda aubatrata having the aeme eum of tha croaa-aeodona) 60 
area of tha flow channala of the raaotant gaa bn tha fuel eieetroda aide and on tha A eleotrode 
side, the sum of tha croaa-aecdonal area of tha flow channels of the 3*1 reactam gas on ths 
fual alactroda aide can be reduced whSa maintaining the aama parfbrmance at the tlms of 
opemdng ihe appanatua aa a fuel te^. HamOf* the height of the now oharviels of the reaotant 
6B gaa can ba towered. Consequently, tt la poaalbla to rnake the' thickness of ths compoalta 65 
aubatmte It&alf thinner. 

For instance/ In the ordinary compoaTte aubatrata of a thfckneas of from 3.8 to 4.0 mm. since 
tha flow chenneta of the reaotant gaa are fbnnad at the height of from 1 .0 to 1.4 mm, the 
thldcneBB of the eieetroda aubatreta can be mada thlrtfw by about from 0.6 to 0.9 mm at 
BO maximum, and as the whole auljstrste, ihe thlckneaa can b«i recced by about flxxn 15 to 24 60 
%, Such a oonatructSon c^y oontrfbutea to the compaction of the fuel call but alao la able to 
reduce tha dactric raalatanca ar\d thermal realstance by tha same extent tfrom about 16 to 24 

due to the roductkm of tha tHoknesa of the oompoaha substrata. Conaaqtientty* e higher fuel 
affioler^ la axpacted to the oorr^oalte aubatrata of the preaent Invondon. 
66 Fmtfiermore, In- the compoalta aubatrata for fuel cella according to the preaant tnvantfont elnce 66 
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thft aas4BBkae«r und h \» not necaMsrir to cany o« *>» *^''^J?J^^J^^r^Z ta tha ddM 6 
S£S»d in *e ordinary fud cell for p«var«lno th8 leakkg* of the r«c«nt 9" to uaMi 

'^SS l^m%» -l^ctrod. .«t»tr«a. a«d .-^l;r«or h^^^fS^S-J.^S^SS.'^^^ 
^piSte^d and parf^torty u.aM «i the comporita «ib«r«a Itor ftial O.B ©f phoaphod^ 



10 



15 



20 



26 



26 



30 



35 



^m^oahe aubatmta fer erifc according to tha praaant Ir»«mtfc.n wa» producad 
uaing tha fo>iowlng matertala: 

langth. reapactfvaly and 1.47 ^''I^J^**^^,, ,_ ^ that uaed In iha abova 1-1 SO 

1-2'. A Doroua and caibonacaous flat pteta wnien is we "WJ" ™" '7TII 
«co«pt tor hmSg the tWcknaa- of 0.97 mm inat»ad «f ihe tMoknaaa of 1^7 mm. 

and wWth, rwpeotlvoly. 
porlpherBl aoalor* 

or Ihi Joining autteoa (6fi0 mm li» Itngth and 680 mm In vwdth). 

danshy ot 1.BB fl/ml> w«» ouilmta the atte ot eso mm In length, 20 nan m wKnn 
'"ISfS^ ptecaa of a eompaot c«rt>on plaie «lha aama ab««a) wara cut Irrto tha alza of 690 
mm In length. 20 mm In iMdth and 1.0 mm In ^ ^ ^ of tfia two alaotreda 

..irs^?d"^roi2^.Trorj^^ ^ 

"Rafter, tha JolnInQ -urfaoa «f «^0'i ^^f offi£ 5 tha SS^2'^'*»''SS5-I 
mibatrata. axpapt .tha -urf«» tr?SS^.1 JSSLra olio'^ 



40 



46 



60 



65 



rr^Sta-HTr.ssOT^'^tffs^^^ 

0B*SS';5Wflat plete of '^^^ mm htMclmaa..on^^^^ 

parallal greovaa with a ractangular oroaa-aoction of 1.0 mm ^^J'^L^r^^^g^M Burfaoa of iha 
66 electroda substrat^r whteh was the porous ana eomonacopu» twi pwiw 
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was cut'procaBmd to form a piuraBty of paraHal groovea whh a roctan^nr oroaB «ectldn of O.B 
mm In hslgTA and 2 mm ^ width st an Intarvdl of 4 mm. 

Thereafter, onto tho mmalning QFIAFOIL surfiaoaa of tha thua prooesBed matarfals, lha obova- 
mmtlorad adhNlv^ waa appDad and diMl. In tho aama mennor* on tho oppoa^ aurfboaa of tha 
5 Bopar^tor iha above adhealva appBad and dried. B 

Tharaaftar, aach of tho ramalrrtno ORAFOm «!urfaoaa of tha two alaatrada stibatrataa was 
adherad to tha opposing aurfnca of tha vaparator ao that tha plumtlty of tha pBrallal groovea In 
one of the two atoctroda subatrataa ware paipandloular to thoaa In the another aleotroda 
Bubatrata undor tha oondltiona of a tamparatura of 140<*C» a praasura of 10 kgf* /cm^ and a 
10 praBsura-retaniion timo panod of 20 mln, and tho thus adharad matariala ware oaloinad at 10 
2000"^ irr a nitrogen mmoaphara* 

After calcination, tho porta of tha alaotrode aubetrato, facing to partpherlea of tho aaparator to * 
wHob tha peripheral aelilara era Joined, wars romovad to axpoaa tha extended partpharfea of tha 
ftaparator. and a TEFLON ehaat wae Interpoaad bertwaen aaoh of the podpharel aaalara and tha 
16 saparator and tha two matarlala wbtb Joined by mah^dhaalon of the Tafkxi aheat at 300*C 16 
under e-pr^aaura of 20 kgf*/enra for a praaaura-ratantlon time pvlod of 20 mln. 

By the abova-mantionad prooadurea, a compoa^ aubatrata for fuel calla, which had a thtok- 
naaa of -3^ mm, waa obtalnad. 

20 COr^ARATlVB EXAMPLE: , 20 
In tha aama mannar Example except for using two placaa of the porous and caibomeeoua 
itat pletaa of 1 .47 mm In thloknaaa aa the aleotroda aubatrateo and eut-proeesaing both tha 
GRAFOIL-adhared aurfaoao of tha two aleotroda aubstrata to form a pkjralty of tha paraM 
groovea having a raotangular oro a e e eo ti on of 1.0 mm In height and 2 mm In widtfi at an 

26 Interval of 4 cnm, thereon', s eompoalte oubstrate for fuel calla waa produoad. Tha tNoknaaa of 25 
tho thua produced oompoaHa aubatrata waa 3.$ rnlnfi:, 

Tha 'reaul^ of maaBurement of the aleetrio realetanoa and tharmal ra^atanoa of tha thua 
produced two compoatta aubetretaa, of tha EXAMPL£ and ttM COMPARATIVE EXAMPLE are 
shown In tha following tabid. 

» 30 



3S 



'40 



48 



50 



B6 







Coinparatil'va Bxaii^le 


Tblc^n^BS (rozn) 


3.3' 


3,B 


Blacbrie resla«.ance 

i 


15 


' 18 


Thermal re8±Bl:anc:e 
(m^ • bour • * c/kjcal ) 


34 


40 



Aa era daarfy ae^n In TABLE, In tha eompoalta ai^strate'tor fuel calla according to the 
praaent InvantSon^ tho oloctric retistenoa and tha thermal restetsnce thereof ware able to ba 
redu^ by about from IE to IS A es-compered to thoae of the ordinary compodta aubatrate 
by making tha thlckneaa of tha ocn^elta aubatrata thinner. 



CLAIMS 

1. A oompoBlte aiJbBtrata for fu^ oalla. oompriaing 
{\\ a aaparator^ ' ' 

60 (2> two poroue end carbonaeaoua aleotroda aubatrataa wh!ch have bean raspactfvaly provided 
with a pluraGty of grooves f omilng flow channaia' of tha roactant ^es on one skla thereof end 
one flat surfeoa on tha other side thereof, and have bash joinad to opposing aurfaces of raid 
separator ao at aald flow ohavwls of the reactant gas In ono of said a]scn«ia aubatratea ere 
p^rp^ndlDutar to those in the encvther elactroda aubatrata and aetd sepsrator axtenda beyond 

85 l>oth edoea of said elactrodb aubatrate that are pareNal to aald flow ohannala erf the reaotam gas 



35 



40 



45' 



60 



SB 



SO 



66 
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(3) p^rlpharal SMtert Jofnsd to th» BXtencSed pw^rfwrtes of said aopsrator, ^Arfl!ch »«flnd beyond 
tha both edgaa of raid riaatrocto subrtrate. Via a toyor trf a flworooarbon roair*/ 

a ratio of iha aum of tha croas-aoctJctfial aru of s^d flow channala of tho rMc yrit ga a ygnaa 
S by »ald saparator and tha grooVM ot aa)d poroua and carbonaoaooa Blactrt>d« aubaWta oniha 5 
fuel »C©ctroda alda to tho sum of ihp croaa-aaotecMl area of aald flow ohannata of tho raactmi 
gas formod by bM aapamtof »d tba groovsa of porous and carbonacooua elactrodo 

«ub«rnta on the air doctroda akii boing from 1:3 to 2:3, - ^ ^ 

2. A compoaha substrata for ftiai eall» acoonflng to ctaim 1, wharain a flaxtela cart>on«haat 
10 has baan ht«poaad batwaan thtt joining aurfacaa of aaAd poroua and carfeoiMM»oua olaetroda lo 



IB 



8\ibtftrttta and aaid aaparator» . • 

3, A oompoaha aUbatrata fbr ftial cafta aooordlnfl to daJm 2, wharain add flaxibla oartion ahaat 
haa baon obtahtad by carbontoing a oompoarta nnatarfrl oomprtalng oarboo ffbras of a 
Imgth of not laaa than 1 nm and a btndar and has b diteknoaa of not mora than 1 mJJ*' • 
dan»tty of from to 1.3 g/ml. a oompraaslon strain rato of not mora «ian 8.0 xio-i l& 
on^Aflf' »nd • ftodbllJty of not baing brokan In tho casa whore ba^a bant to ™ 
ourvatura of 10 mm, \n aald Itexlbla oarbon ehaat wrbon kimpa darhmd *om said o™5L^SI^ 
diaparaod within tha matrix of aald carbon fibroa and reatraWng a plurality of said carbon nnraa, 
aid carbon flbnia balng attdaWy hald to ona anothar by *a Mibon lumpa. ^ _ . . „ 

20 4. A Qompoaita aubatrata for fiiel oeRa acoordlna to dafaij 3. wharttbi aa^ ^®i25^^2?jS!^ ^ 
haa boon prodMced by compraaaing axpandad graphita partidoc obt*iad by attf^ootlng^grap^ 
parddoa of a partfcla dlamatar of not mora than S mm to acld-vaaftmant and tUrthar haatf ng wa 

aold^traatad partloloa, and has a thidcnoaa of not mora tlwn 1 ■ jJ^S?")!^. 
1.0 to 1 .B Q/m1. a comprawlon atrah rata of not moia than 0^5 ^J<>'*J^r^ ™ • 
26 flaadbnity of not batng brokan In tha oaae whara baing bant to tha radlua of ouivatura of 20 mm. 25 
B. A composita aubatrate for fual oala according to obfrn 1. wrtkoraln aald poroua ana 
oorbonaoaoua olactrodo mbatrataa and aald aaparator hava baan jolnod bv a dlaparaion oT a 

tatraffuoroathvlane raaln. - ^ _u-^i.* «.m 

e. A ocwnpoaito aubatrato for fUol calla according to any pracadng claim, whorain aald pofoua 
30 and carbonocwwa oteciroda subatrata haa a buflc danahy of from 0,3 to O^^U/^j .k.., 
parmaabnrty of not leas than 200 mVcm*.hour.minAq and an alaetrto rMtotM^jof not niore than 
20O mflO- cm after having been cafdnad at a tamparaiire of not lowor ^n 1O0O»C In an inart 

atmoaphera and/or tmdar a reduced praaaura. ^, ^ , u 

7, A compoato BitJBtrata for fuel oaHo Bocoidlng to any prarodlng crfatn^ 

36 BBparator la a compact carbon matarial hm^ng m buk density of not lass than 1 .4 g/mU a fi^a- ss 
ponnoBbRlty of not mora than 10-» ml/cntf«.hoiir.mmA<|. an alactrte raalstlvicy of not mora than 
10 mO.cm and a thickneaa of not more than 2 mm» • ^ i 

S. A oomposhe aubatrata for fbal oalla aoconMng to any praoaiSng dalm, whara^ aaid 
peripheral aealar la a compact carbon matarial having a bUlk danalty of not laaa than 1-4 g/ml 

40 and tha gaai^amfwabinty of not mora than lO-* rT>l/cm».hour.mmAq. ^ . _^ ^ 

9. A ccmpoBlta aubatrata for fbal oalla according to any preceding cMm. whanam aakf 
fhjorocarbon resin haa a mailing point of not lower thai 200'C. 

1 0. A prooaae for producing a oompostta aubirtma tar fUal oalla accorduig to claim wftm 
proceaa compriaaa lha atapa of _i ^ 

4S (II adhering a flexible carbon ahaet to ona aurface of each of two poroua and e»bontt<»MUB 45 
elaotroda aubatratea of a flat plata Ibrm without grooves and of praacribed dimanalon wMle 
uslna an edhealve^ ' . . 

(2) aubiaedng eaqh of tha adhaifng aurfaoaa of aald electrode aubatnrtaa to cut-proceasInQ to 
form grwvea fonnhg flow channola of tha reaotant gas thereon ao tiw a ratfo of ttie atyn ot 

tha oroaa-aaetionat area of aald flow chann^a of the raactant gaa on tha fUal olactrode alda to bo 
tha aum of tha crosa^actional area of aald flow ohannala of tha roactant gas on tha elr 
alaeiroda «ida fa from 1:3 to 2:3, ^ ._ ^ ^.-^j 

(3) adhering the aurfacae Of aaM flaxibla oarbon sheet remaining on tho thus eut-procesaad 
aurtaeoa of aaM elactrode aubatratas to opposlna surfccoa of saW aoparator so that the groovea. 

66 In «ia of aaW alaotroda aubatrata ara paipandleiilBr lo those In tha another ©""^^S^fSf^^ • ®^ 

(4) oaksining the thus adharad matariati at a tamperature of not tower than about BOO^C Ifi an 
inatt atmoaphaPB and/or under a rediwod pressure, and 

(6) Joining paifpharal aealera compriaing a gaalmperrneriWe compact caibon materW to 
tandod peripheries of aald aaparator, wWch axtand beyond the boUi odgeo of aaki ^lertrode 
80 aubatrata that ara parallel to aald flow chartnela ot tha raactant gaa therein, vie a sheet of e . . so 
fluorooarbon raaln. , ^ 

1 1. A procaaa acoordteie ta 10, v^raln aaW poroua and oarbona^^us , 
aubatrata la aalaoied from tha group oonaladng of 0) a molded matarial obtained by moWtig a 
mbctura of abort oarbon fibera, a binder and an orgahle gianular •ub^jnc^ in*? «^"?.**f!)L:JLt 

68 haatSng under a praasira and (2) a catelhad material obtabiad by calofning aald molded matarial 



65 
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erf tibcrjB (1) In an Inert atmoBphara and/or uncSer a reducad pfDftaura. 

12. A proems aoeoidlng to dotm 10« wharoln aold flwdbla carbon sheet hat baan Diralnad by 
carbonizing a oompofiiha matarial oompriafng carbon fftiara of a moan length of not lass than 1 
mm and a birtder and haa a ihlcknaaa of not mora tan 1 mm; a buflc danalty of from 0,2 to * 
6 1*3 g/ml| V cDmpreasron Btratn rena of not mora than 2,0 x 10^^ um^/kgt and a ftadbi&ty of 5 
not beln^ broken in the caaa orf being bent to the n»dlu» of curvature of 10 mm. In aald fl«x&la 
carbon ahoat carbon lumps' dertvad from aald bhder being diaporaad In the matrix of aaid carbon 
fibara and raatrainlng a plurality of aatd carbon flbara, aild earbon fibara being attdably held to 
one ar>oth«r by the carbon lumpa. 

10 . 13. A prooaaa accordng to olalm 12, wharaln aald fUiXibIa carbon aheet la obtained by 10 
moldk>g o compoahe miatavlal compri^ng carbon flbera of a mean length of not leea than 1 mm 
and a binder -of ^ oarbonbtig yield of not leaa than 10 9( by headng under a preaauro and 
calcining the thua molded compoaSta matartal at a tamparatiira of not bower than 850*C \n an 
Inert artmoaphara andt/or under a raduead praaaura. 

16 14. A prooaaa acoording to claim 10^ wharain aeld flakibia carbon aheat |a produced by 19 
oempraeaing expanded graphtta parttclee obtained by aiAJecflng graphite partidea of a partlda 
diameter of not mora tihan 5 mm to add^aatmant and further heatfrig the thua aotd-treated 
graphite iiartfeleft. and haa a thlcknaaa of not mor^ than 1 mm, a bulc denahy of from 1.0 to 
1 *5 gAnl^ e compresaion atrain rata of not mora than 0.35 x 10-> cm>/kgf and a llexIbHIty of 

20 not balng 'broken in the caaa where being bant to lha radkia of ciwatura of 2D mm*. 20 

15. A procaaa accofding to to any one of clahna 10 to 14 Wherein aaM adhaalva \m e 
thermoaefttfng raabi aeiected-lram the group coMatfng of phenol raalna. epoxy raalne and furan 
rMlna* 

16. A prooe8« according to any one of dalma 10 to 15; whar^ the eonditfona for Joining 

IB aald oJaotrode eubafrata to aald aaparator era the JpMnp temperature of from 100 to 180^, the 26 
prm»iprMaijra of from 1 to BO kgr/dm*G and the' preaaiOme per^ of from 1 id 120 min, 

17. A prooe«a for prodlioing a oompoalta aubatrata for fuel oeOe aoBordtng to olaim 3t wNeh 
procaaa compriaes the atapa of 

(1) applying a diBparaten off a tatrafluoroathyfene radn on oppoalng aurfaoaa of a aeparator. 

30 (2) Joining by melt-edhaaion each of grooved aurfaoaa of two poroua and carbonaoaoua 30 
electrode aubatrataa to the praacrlbad poaltlon of the opposing eurfacee of eald aerator 
applied whh the dlaparalon bo that the groovea in one of aald etoctroda aubamtaa are perpendl- 
cutar to those m the another eiactroda aubatrata, said aiactroda aubctratea being raapeeth^ely 
provided with a pluralty of the groovaa forming flow channels of tfie rsactant gaa on one aide 

35 tharaof and one flat aurfaea on the other aide ^reof. the alza of - die groovea being auch that a 35 
ratio of the eum of the oroaa-aactlonal area of aald flow channela of lha reaetam gee on the fliel 
electrode aide to the sum of the croaa-aectlonal area of aald flow channela of the reaetant gaa 
on the air electrode aide la from 1:3 to 2:3^ and 

(3> Joining parlphoral aaalara eonnpriaing a gaaimparmaabia compact earbon matarfat to ax- 

40 tended periphailea of aald aeparator which extend beyond the both edgea of aeld aleotroda 40 
aubatrata that are parallal to aald flow, channela of lha raactert gaa therein, via a aheet of a 
fluorocarbon rasln» 

18. * A procaaa accardrng to claim 17, Wherein said poroua and carbonaoaoua aiactroda ' 
aubatrata Is produced by catcinlng ihe nnolded matarial obtained by molding a mbcture of abort 

45 carbon fibara, a binder arxi an organic granular aubstanee into one body by haatiriA under a . 45 
presaure* 

19. A procesa accordTng to claim 17 or 18, wherein the Jobithg by mett-adhaalon of said 
aeparator end aaid 'porous and caibonacaoua aiactroda substrate is carried out at a temperature 
of not lower than about 270*0 under a praaaura of not lower than 1 kgrycm^Q. 

60 2a. A probass according to any one of claims 10 to 19 wherein aald separator ie a compact 60 
carbon plata ahowtng the ahrlnkage on calcination of not mora than 0.2% at the tfrna when h Ie 
calcTnod at 2000*^0 In an Inert atmosphere and/or under a reduced praaaura. 

21. A process accorcSns to any one of claims 10 to 20, wherein said al«aet of a fluorocarbon 
rasln haa a malting pofrit of not lowar than 2O0^. 
66 22. A' composita Bubstrata for fuel oafte constructed and arranged subetatttbliy ea hafain 55 
descflbed with refarsnoa to arKJ as iRuatnited In the accompanying cfrawbnga. 

23. Process of produ&ing composite aubatratss for fuel calls, such prooeaeee being alibstan- . 
tlally aa harath daioribad wHh raference to the acccmpflnylng drawinga. 

yiywd 1 aaa « Tilt PytK aaw. Smai aapi K^h Hplbotw, Lopdon WCift 4tr. funtmr bopi— m»v bt otet^rf worn 
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